The objective of this work was to evaluate the influence of seed size on agronomic traits related to the growth of wheat plants. The seeds used in this experiment were collected in growing fields from the North of Rio Grande do Sul, Brazil. The experimental design was randomized block design, with three wheat cultivars (Quartzo, Ametista and TBIO Sinuelo) × six seed lots (A; B; C; D; E; F) × five sieve diameters: I: (original sample without standardization, being that used by farmers (OS)), II: (seeds > 3.00 mm), III: (seeds from 2.5 to 2.99 mm), IV: (seeds from 2.0 to 2.49 mm) and V: (seeds < 2.0 mm), and the treatments were arranged in three replicates. The number of tillers per plant, height and spike insertion height are determined by intrinsic characteristics of the cultivar used, but extensive variations are attributed by lot fragmentation and seed size. The morphological and growth attributes of wheat are affected by considerable effects of seed size, and the decrease in these dimensions results in lower plants and reduced growth. The use of sieves for wheat seeds standardization allows the identification and selection of specific cultivars, lots and seed dimensions that may be essential for wheat crop performance.
Material and Methods
The seeds used in this experiment were collected in growing fields from the North of Rio Grande do Sul, Brazil (Table 1) , and the choice of cultivars was due to their adaptability to the culture environment. In the laboratory of the Seed Science and Technology Graduate Program of the Federal University of Pelotas, the seeds were standardized through a set of oblong hole sieves, separating the width > 3.00 mm (seed retained in the 3.0 mm sieve), 2.5 to 2.99 mm (seed retained in the 2.5 mm sieve which passed through the 3.0 mm sieve), 2.0 to 2.49 mm (seed which passed through the 2.5 mm sieve and retained in the 2.0 mm sieve), and < 2.0 mm (seeds that passed through the 2.0 mm sieve).
Posteriorly, the experiment was sown at field in the municipality of Tenente Portela-RS, in the agricultural year of 2016, under latitude 27°23′31.04″ S, longitude 53°46′50.71″ W, and altitude of 420 meters. The climate is characterized as subtropical humid type Cfa, according to Köppen, with annual precipitation of 2085 mm (Sotério et al., 2005) . The soil is classified as typical alumino-ferric red latossolo (Streck, 2008) .
The experimental design was randomized block design, with three wheat cultivars (Quartzo, Ametista e TBIO Sinuelo) × six seed lots (A; B; C; D; E; F) × five sieve diameters: I: (original sample without standardization, being that used by farmers (OS)), II: (seeds > 3.00 mm), III: (seeds from 2.5 to 2.99 mm), IV: (seeds from 2.0 to 2.49 mm) and V: (seeds < 2.0 mm), and the treatments were arranged in three replicates. The experimental units consisted of five sowing lines spaced by 0.17 meters, with two meters in length, with useful area of 0.51 m² from the two central lines.
Seeding was performed manually, in a direct system with population of 330 thousand viable seeds per hectare. Base fertilization and top dressing were performed according to the results of the previous soil analysis (CQFS-RS/SC, 2004) . The control of diseases, weeds and pest insects were carried out in a preventive way, and the evaluations considered ten plants randomly sampled in the useful area of the experimental unit, being them: The number of fertile tiller (NFT) evidenced that sieve size does not present differences for cultivars Ametista and TBIO Sinuelo. However, plants of cultivar Quartzo from seeds retained in sieve IV (2.0 to 2.49 mm) presented higher number of fertile tillers (Table 2) . Among cultivars, Ametista was superior to the other cultivars tested in all sieve sizes. The emission of fertile tillers in wheat is related to yield components and productivity, being them influenced by plant density and intrinsic features of the cultivar used (Valério et al., 2008; Carvalho et al., 2017) .
Among seed lots, the cultivar TBIO Sinuelo presented no difference for number of fertile tillers (NFT). The cultivar Ametista in lots E and F, as well as Quartzo in lot B, increased the number of fertile tillers. Among cultivars, the number of fertile tillers was higher for cultivar Quartzo in the seeds from lot B. For cultivar Ametista, it is evidenced in lot E. Considering the interaction between seed sizes × seed lots, lots A, C and D showed no difference for number of fertile tillers (NFT) among sieve sizes used for standardization. However, lot B was superior through seeds of the sieve IV (2.0 to 2.49 mm), as well as, lot E in sieve II (> 3.0 mm), lot F in sieves II (> 3.0 mm) and III (2.5 to 2.99 mm), evidencing variability among seed sizes in the sampled lots.
Among lots, the number of fertile tillers (NFT) for seeds retained in the sieve V (< 2.0 mm) did not vary among the evaluated lots, however, the original sample (OS) resulted in reduction of number of fertile tillers in 50% compared to the lots tested, sieve II (> 3.0 mm) 66%, sieve III (2.5 to 2.99 mm) 16%, and sieve IV (2.0 to 2.49 mm) 86% of the lots tested ( Table 2) . The difference in seed sizes and sampled lots may influence the response of the plant for emission and maintenance of the tillers throughout plant cycle, leading to significant effects on the number of reproductive structures per unit area, as well as for physiological quality of seeds produced (Ohlson et al., 2010) . Note. *Means followed by the same lowercase letter in the column, and the same capitalized letter in the row, do not statistically differ by Tukey at 5% of probability. ** SS: Size of sieve and their respective seeds retained. *** OS: Original sample of the lot without size fractionation.
The spike insertion height on the main plant (SIHMP) presented variability for the cultivars (Table 3) . For cultivar Ametista, plants originated from the original sample (OS) obtained lower spike insertion height of main plant through lots B and D, as well as plants originated from seeds retained in the sieve IV (2.0 to 2.49 mm) for lots D and F, and sieve V (< 2.00 mm) for lot D. For cultivar Quartzo, seeds retained in the sieve III (2.5 to 2.99 mm) presented inferiority through lots A and F, as well as the sieve V (< 2.00 mm) for lots B, C, D, E and F. For cultivar Sinuelo, the original sample (OS) presented lower spike insertion height of the main plant through lot D, as well as sieve II (> 3.0 mm) for lots C and E, sieve IV (2.0 to 2.49 mm) for lot B, and sieve V (< 2.0 mm) for lot E.
Lower plants are related to less foliar area and growth (Collares et al., 2008) , however, they may present lodging tolerance (Espindula et al., 2010) , which is related to photoassimilates translocation, grain mass, and consequently grain yield .
Among the lots, there were differences between sizes and cultivars studied. For the cultivar Ametista, the seeds retained in sieve II (> 3.0 mm) and III (2.5 to 2.99 mm) obtained lower magnitude in 16% of the evaluated lots, as well as the sieve IV (2.0 to 2.49 mm) in 50% of the lots, and sieve V (< 2.00 mm) in 33% of the lots. The cultivar Quartzo, under nonstandard conditions of the seeds (OS), presented lower spike insertion height in 16% of the evaluated lots, as well as the seeds retained in sieve IV (2.0 to 2.49 mm) in 33 % of the lots. Regarding the cultivar TBIO Sinuelo, the seeds from original sample (OS), seeds retained in sieve III (2.5 to 2.99 mm) and IV (2.0 to 2.49 mm) as well as sieve II (> 3.0 mm), and V (< 2.0 mm) in 16% of the evaluated lots. Therefore, for these cultivars, there are variations in response to sieves used for standardization, as function of the lot sampled and seed production environment. The morphological traits of wheat are affected by genetic characteristics (Carvalho et al., 2016) and competition among plants (Ferreira et al., 2008) .
The height of the main plant (HMP) differed among lots and seed sizes, while in plants originated from cultivar Ametista, the sieves used for seed standardization did not influence the performance of lots A, C and E (Table 3) . However, the non-standardized seeds from the original sample (OS) of lot B, sieve III (2.5 to 2.99 mm) of lot D, and sieve IV (2.0 to 2.49 mm) of lot F, resulted in smaller plants (HMP). For cultivar Quartzo, seed size did not influence the height of main plant (HMP) in lot F, but in lot A, the seeds retained in the sieve III (2.5 to 2.99 mm), lot C, in sieve IV (2.0 to 2.49 mm) and V (> 2.0 mm), and sieve V (> 2.0 mm) of lots B, D and E presented reduction in plant height. Regarding the cultivar TBIO Sinuelo, lots A, D and E did not reveal differences for height of the main plant according to seed standardization. However, the seeds retained in sieve II (> 3.0 mm) presented lower height of the main plant in lots C and E, as well as the sieve IV (2.0 to 2.49 mm) and V (> 2.0 mm) of lot B. Note. *Means followed by the same lowercase letter in the column for sieve sizes, the same capitalized letter in the row for seed size between lots, and the same Greek letter between cultivars did not statistically differ by Tukey at 5% of probability of error. ** SS: Size of sieve and their respective seeds retained. *** OS: Original sample of the lot without size fractionation.
Among lots of the cultivar Ametista, plants from non-standardized seeds (OS), from seeds retained in sieves II (> 3.0 mm) and V (> 2.0 mm) did not affect the height of the main plant. However, (2.5 to 2.99 mm) hole diameter negatively influenced this character in 50% of the lots, as well as sieve IV (2.0 to 2.49 mm) influenced 16% of the lots evaluated. For cultivar Quartzo, the seeds from the original sample (OS) without standardization, and seeds retained in sieve II (> 3.0 mm) and III (2.5 to 2.99 mm) did not differ in the HMP, but seeds from sieves IV (2.0 to 2.49 mm) and V (> 2.0 mm) negatively affect this trait in 66% and 16% of the evaluated lots, respectively. Regarding the cultivar TBIO Sinuelo, lots A, D and E showed no difference between seed sizes. However, plants from the original sample (OS), and seeds retained in sieve II (> 3.0 mm) had a negative influence on main plant height (MPH) of 16% of the evaluated lots, as well as seeds retained in the sieve III (2.5 to 2.99 mm) and V (< 2.0 mm) reduced main plant height in 33% of the lots studied.
Plants with shorter height may decrease lodging and contribution to increase length and number of spikelets, spike weight and number of grains per spike . However, these plants may result in negative effects for inflorescence dimensions (Harwig et al., 2006) and seed mass (Espindula et al., 2010) .
Among genotypes, there was superiority for cultivar Quartzo regarding spike insertion height on the main plant (SIHMP), (Table 3) , as well as the cultivars Ametista and Quartzo (Table 4) For the cultivar Quartzo, the standardization did not differ in lot E. However, plants from seeds retained in sieve III (2.5 to 2.99 mm) of lot A, sieve V (< 2.0 mm) of lots B and C, sieve II (> 3.0 mm) and V (< 2.0 mm) of lot D, non-standardized original sample (OS) of lot F presented lower spike insertion height of the maim tiller (SIHMT). Among the lots, seeds from sieves II (> 3.0 mm) and IV (2.0 to 2.49 mm) did not differ, however, from the original sample (OS) and sieve III (2.5 to 2.99 mm) revealed that 16% of the lots, as well as sieve V (< 2.0 mm) with 66% of the lots presented lower values for this trait.
It is possible to enhance the quality of a seed lot through standardization, since the variation of seed size of this lot influences seedling growth and uniformity (Sainio et al., 2011) , because lots without standardization process present different physical characteristics (Ormond et al., 2013 ) and can express differential field performance.
Regarding the cultivar TBIO Sinuelo, the standardization had no influence on lot C for spike insertion height of the main tiller (SIHMT). Considering plants from seeds of the sieve IV (2.0 to 2.49 mm) for lot A, original sample (OS) without standardization, sieve III (2.5 to 2.99 mm), IV (2.0 to 2.49), and sieve V (< 2.0 mm) from lot B, original sample (OS) from lots D and F, and plants originating from sieve V (< 2.0 mm) of lot E, showed inferior magnitude. Among lots, the plants from sieve II (> 3.0 mm) did not differ, however, original sample (OS), sieves III (2.5 to 2.99 mm), and V (< 2.0 mm) influenced negatively in 33% of the lots, and the plants from sieve IV (2.0 to 2.49 mm) in 50% of the evaluated lots.
The spike insertion height of the main tiller (SIHMT) varied among lots and cultivars, with tendency that larger seeds provided higher plants, with higher spike insertion height (Sainio et al., 2011) , showing the presence of variability between lots evaluated and the need of using sieves for wheat seeds standardization in order to achieve lots more uniform at field.
The main tiller height (MTH) ( Table 4 ) for cultivar Ametista, showed that lots C and D were not influenced by seed standardization. However, plants originated from seeds retained in the sieve II (> 3.0 mm) of lot A, original sample (OS) of lot B, and seeds retained in sieve V (< 2.0 mm) of lot C, original sample (OS) and sieve IV (2.0 to 2.49 mm) from lot F presented lower height of the main tiller. Among the lots, seeds from sieves II (> 3.0 mm) and IV (2.0 to 2.49 mm) did not differ, but the original sample (OS) and plants from seeds of the sieve III (2.5 to 2.99 mm) negatively influenced the height of the main plant in 16% of the lots, and by the sieve V (<2.0 mm) in 66% of the lots studied. Note. *Means followed by the same lowercase letter in the column for sieve sizes, the same capitalized letter in the row for seed size between lots, and the same Greek letter between cultivars did not statistically differ by Tukey at 5% of probability of error. ** SS: Size of sieve and their respective seeds retained. *** OS: Original sample of the lot without size fractionation.
For the cultivar Quartzo, plants from lot E defined that the main tiller height did not differ between seed sizes, however, plants originated from seeds retained in the sieve III (2.5 to 2.99 mm) from lot A, V (< 2.00 mm) sieve V of lots B, C and D, and original sample (OS) of lot F obtained lower magnitude for height of the main tiller (MTH). Among lots, the non-standardized original sample (OS) negatively affected 50% of the lots, as well as the sieve III (2.5 to 2.99 mm) and V (< 2.0 mm) in 16% of the lots.
The cultivar TBIO Sinuelo expressed for main tiller height (MTH) that plants from seeds of the sieve IV (2.0 to 2.49 mm) of lot A, original sample (OS), seeds retained in the sieve III (2.5 to 2.99 mm), IV (2.0 to 2.49 mm) and V (< 2.0 mm) of lot B, as well as plants from the sieve IV (2.0 to 2.49 mm) from lot C, non-standard original sample from lots D and F, and seeds retained on sieves IV (2.0 to 2.49 mm) and V (< 2.0 mm) of lot E presented lower height of the main tiller. Among lots, it is verified that seeds from the sieve II (> 3.00 mm) did not differ, however, the non-standard original sample (OS) and plants from the sieve V (< 2.0 mm) affected 33% of the lots studied, as well as the seeds of sieve III in 16%, and sieve IV (2.0 to 2.49 mm) negatively influenced 66% of the lots. It was observed that larger seeds result in higher height of the main tiller, possibly because they present greater reserve of assimilates (Sainio et al., 2011) , originating plants with lower panicle mass and grain mass per panicle (Harwig et al., 2006) .
The spike insertion height of the secondary tiller (SIHST) for cultivar Ametista (Table 5 ) showed that the standardization of seeds had no influence on lots A, C, D and F, but in lot B, the original sample (OS) without standardization, and plants originating from seeds retained in the sieve V (< 2.0 mm) of lot E presented lower magnitude of this trait. Smaller seeds of wheat and barley tend to reduce germination due to availability of reserves, resulting in smaller seedlings and plants (Sainio et al., 2011; Chastain et al., 1994) .
Regarding the cultivar Quartzo, the spike insertion height of the secondary tiller (SIHST) of lot E defined absence of differences for plants originating from standardized seeds. In lot A, the original sample (OS) without standardization, as well as plants from seeds retained in the sieve II (> 3.0 mm) and III (2.5 to 2.99 mm) presented lower insertion height (2.5 to 2.99 mm) for lot B, sieve II (> 3.0 mm) and III (2.5 to 2.99 mm) of lot C, as well as sieve II (> 3.0 mm), IV (2.0 to 2.49 mm) and V (< 2.0 mm) of lot D, original sample (OS) of lot F. Among lots, it can be observed that seeds from sieve III (2.5 to 2.99 mm) do not differ. However, from the original non-standardized sample (OS), sieve III (2.5 to 2.99 mm) and IV (2.0 to 2.49 m) negatively affected the insertion height of the secondary spike in 16% of the lots studied, as well as the seeds retained in the sieve V (< 2.0 mm) in 66% of the lots. It is evident the importance of the lot on plant performance at field conditions, where the origin of the lots contributes to seed viability (Sainio et al., 2011) . Therefore, the utilization of sieves for seed standardization allows to remove undesirable wheat seeds of a lot, providing field uniformity and competitive ability.
The cultivar TBIO Sinuelo evidenced for spike insertion height of the secondary tiller (SIHST), that lots A, B, D were not influenced by seed standardization. However, in lot C, plants from sieve IV (2.0 to 2.49 mm) presented lower magnitude than the other sieves, as well as plants from sieves III (2.5 to 2.99 mm), IV (2.0 to 2.49 mm) and V (< 2.0 mm) of lot E, original sample (OS) and sieve V (< 2.0 mm) of lot F. Among lots, seeds retained in sieve III (2.5 to 2.99 mm) provided plants with insertion height of the secondary tiller similar for all lots, however, the original sample of 16% of the lots had lower height, as well as the seeds retained in sieves II (> 3.0 mm) of 33%, sieve IV (2.0 to 2.49 mm) of 50%, sieve V (< 2.0 mm) of 83% of the lots.
Considering the height of secondary tiller (HST) for cultivar Ametista, lots A, C, D, and F (Table 5 ) did not differ for seeds standardization. However, plants originating from the original sample (OS) of lot B, and seeds retained in the sieve V (< 2.0 mm) of lot E presented lower magnitude. Among the lots, plants from seeds retained on sieve IV (2.0 to 2.49 mm) and V (< 2.0 mm) were similar, but the non-standardized original sample (OS) negatively affected 33% of the lots, possibly due to the difference between seeds in each lot, and the plants originating from sieves II (> 3.0 mm) and III (2.5 to 2.99 mm) in 16% of the lots. In this way, fractioning lots of wheat seeds may positively influence spike insertion height.
For cultivar Quartzo, the standardization of lots C and E did not influence the height of secondary tillers, however, the non-standard original sample (OS), and plants from the sieve II (> 3.0 mm) and III (2.5 to 2.99 mm) of lot A presented lower magnitude, as well as sieve III (2.5 to 2.99 mm) of lot B, sieve II (> 3.0 mm), IV (2.0 to 2.49 mm) and V (< 2.0 mm) of lot D, and original sample (OS) not standardized of lot F. Among lots, plants from seeds retained in sieve II (> 3.0 mm) did not differ. For seeds from original sample (OS), 33% of the lots studied were affected, as well as seeds retained on sieve III (2.5 to 2.99 mm) and IV (2.0 to 2.49 mm) in 16% of the lots, and sieve V (< 2.0 mm) in 50% of the lots. Researches have determined that small seeds tend to increase the variability of plant height and seedling (Sainio et al., 2011) . Note. *Means followed by the same lowercase letter in the column for sieve sizes, the same capitalized letter in the row for seed size between lots, and the same Greek letter between cultivars did not statistically differ by Tukey at 5% of probability of error. ** SS: Size of sieve and their respective seeds retained. *** OS: Original sample of the lot without size fractionation.
The cultivar TBIO Sinuelo, for lots A, B and D did not differ among seed sizes, however, seeds from the sieve IV (2.0 to 2.49 mm) of lot C resulted in lower magnitude for plant height of secondary tillers, as well as those retained in sieves III (2.5 to 2.99 mm), IV (2.0 to 2.49 mm), V (< 2.0 mm) of lot E, and original sample (OS), seeds retained in sieve V (< 2.0 mm) of lot F. Among the lots evaluated, plants from sieve III (2.5 to 2.99 mm) did not differ, however, the original sample (OS) and seeds of sieve IV (2.0 to 2.49 mm) negatively influenced 50% of the lots studied, as well as seeds of the sieve II (> 3.0 mm) in 33% of the lots, and the sieve V in 83% of the lots, were the plants had smaller height of secondary tillers.
In general, there was variation among lots and cultivars tested in response to seeds standardization. Also, the standardization allowed to identify the variability between lots and sieve sizes, with the tendency that plants originated from original samples (OS) non-standardized and smaller seeds present inferior performance at field, as well as, bigger seeds may potentiate the magnitude of fertile tillers and plant height.
Conclusions
The size of the seeds, lot and cultivar cause variation in the number of tillers per plant, plant height and spike insertion.
Seeds of smaller size result in lower plants.
The use of sieves to standardize wheat seeds allows separating lots with specific characteristics of field performance.
